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(57) ABSTRACT

The exhaust gas-puriiying catalyst of the invention includes
a noble metal, and crystallites that form CZ composite metal
particles which serve as a carrier supporting the noble metal
and contain at least zirconium (Zr) and cerium (Ce). The CZ
composite oxide particles (crystallites) further contain crys-
tal growth-suppressing fine particles which are fine metal
particles comprising primarily a metallic element M that
melts at 1,500° C. or above and which suppress crystal
growth by the CZ composite oxide particles. The content of
the metallic element M 1ncluded 1n the CZ composite oxide
particles, expressed in terms of the oxide thereot, 1s 0.5 mol
% or less of the total oxide.
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FIG.2
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FIG.3
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EXHAUST GAS PURIFYING CATALYST

TECHNICAL FIELD

The present invention relates to an exhaust gas purifying
catalyst that can be provided in the exhaust system of an
internal combustion engine.

This international application claims priority from Japa-
nese Patent Application No. 2013-254480 filed on Dec. 9,
2013, the entire contents of which are incorporated herein by
reference.

BACKGROUND ART

Three-way catalysts, so-called because they can simulta-
neously carry out the oxidation of carbon monoxide (CO)

and hydrocarbons (HC) and the reduction of nitrogen oxides
(NO,), are used for efficiently eliminating noxious compo-
nents such as CO, HC and NO_ present in the exhaust gases
ol mternal combustion engines such as automotive engines.
Catalysts used as such three-way catalysts are composed of
noble metals belonging to the platinum group (PGM), such
as platinum (Pt), rhodium (Rh) and palladium (Pd), that are
supported on a porous carrier made of a metal oxide such as
alumina (Al,O,). Three-way catalysts containing a plurality
of such PGM noble metals are able to exhibit an especially
high exhaust gas puriiying catalyst function on the exhaust
gases generated from burning, within an internal combustion
engine, a mixed gas near the stoichiometric air-fuel ratio
(also abbreviated as “stoich™: A/F=14.7).

However, continuing to maintain the air-fuel ratio of the
mixed gas supplied when actually using an internal com-
bustion engine (typically when operating an automobile) at
a near-stoichiometric ratio 1s difhicult. That 1s, for example,
depending on the running conditions of the automobile, the
air-fuel ratio of the mixed gases may have excess fuel
(referred to as “rich”: A/F<14.7), or may have excess
oxygen (referred to as “lean”: A/F>14.7). It has become
common recently to mclude inorganic materials having an
oxygen storage capacity (OSC), also referred to as “OSC
materials,” within catalyst carriers. In three-way catalysts,
composite oxides composed primarily of ceria (CeO,) and
zirconia (ZrQO,) (also referred to below as “CZ composite
oxides”) have been used to date as OSC materials. For
example, Patent Document 1 discloses an example of a
conventional exhaust gas-purifying catalyst provided with
an OSC matenal made of a CZ composite oxide for which
the solid solubility of zirconium oxide in certum oxide 1s
50% or more and which 1s characterized 1n that the crystal-
lites making up the particles of CZ composite oxide have an
average diameter of 100 nm or less. Patent Document 2
teaches a method of producing particles of a CZ composite
oxide used as an OSC material, which particles have a
crystallite diameter of about 10 nm.

CITATION LIST
Patent Literature

Patent Document 1: Japanese Patent Application Publication
No. H09-155192

Patent Document 2: Japanese Patent Application Publication
No. 2008-289985

SUMMARY OF INVENTION

However, one drawback of the CZ composite oxides used
as such OSC materials 1s their low heat resistance. That 1s,
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2

in particles (primary particles) composed of a conventional
CZ composite oxide, crystal growth of the crystallites mak-
ing up the particles readily arises at elevated temperatures
(e.g., n endurance tests) and 1s accompanied by agglom-
cration of the noble metals supported on an OSC material
made of such a CZ composite oxide, which may lead to a
decline 1n the number of active sites. Hence, there exists a
desire for the heat resistance of CZ composite oxides used
as OSC materials to be increased. More specifically, it 1s
desired that crystal growth of the crystallites making up CZ
composite oxide particles be suppressed and that the CZ
composite oxide have an enhanced heat resistance capable
of suppressing both noble metal agglomeration and
decreases 1 OSC function.

This mvention was created 1n order to resolve the above
problems relating to such OSC materials. The primary object
of the imvention 1s to provide an exhaust gas-puriiying
catalyst having a heat resistance that 1s capable of suppress-
ing the crystal growth of crystallites and 1s also capable of
suppressing the agglomeration of noble metals and a
decrease 1in OSC function.

The exhaust gas-purifying catalyst disclosed here for
achieving the above object 1s an exhaust gas-puriiying
catalyst that 1s disposed 1n an exhaust pipe for an internal
combustion engine and purifies exhaust gases discharged
from the internal combustion engine. It includes a noble
metal, and crystallites that form CZ composite oxide par-
ticles which serve as a carrier for the noble metal and contain
at least zirconium (Zr) and cerium (Ce). The CZ composite
oxide particles (crystallites) further contain crystal growth-
suppressing fine particles which comprise primarily a metal-
lic element M that melts at 1500° C. or above and suppress
crystal growth of the CZ composite oxide particles. The
content of the metallic element M included in the CZ
composite oxide particles, expressed in terms of the oxide
thereot, 1s 0.5 mol % or less of the total oxide.

In this specification, “crystallite” refers to the largest
collection of basic structures that 1s composed of a series of
connected crystal lattices and can be regarded as a single
crystal (which collection 1s a particle). The nature of the
crystallites can be investigated by carrying out, for example,
XRD (x-ray diffraction analysis) and Rietveld analysis. The
presence of crystallites can be determined by electron
microscopy (typically TEM). Flemental analysis and com-
positional analysis of target crystallites can be carried out by
using electron microscopy and EDX (energy-dispersive
X-ray spectrometry) in combination (e.g., TEM-EDX).

By having the CZ composite oxide particles (crystallites)
which support the noble metal include crystal growth-
suppressing fine particles, the crystal growth-suppressing
fine particles become barriers and suppress crystal growth
even during use under high-temperature conditions such as
a heat endurance test, thus suppressing agglomeration of the
noble metal supported on the CZ composite oxide particles
and a decline mm OSC function. This makes 1t possible to
stably maintain a high performance (e.g., the three-way
performance of a three-way catalyst).

In the exhaust gas-purifying catalyst disclosed here, the
content of the metallic element M included in the CZ
composite oxide, expressed 1n terms of the oxide thereot, 1s
0.5 mol % or less (preferably 0.005 mol % to 0.1 mol %) of
the total oxide. This makes it possible to effectively suppress
crystal growth even during use under elevated temperature
conditions, enabling a high catalyst activity (typically, three-
way performance) to be maintained.

In a preferred embodiment of the exhaust gas-puriiying
catalyst disclosed herein, the metallic element M 1s of at
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least one type selected from the group consisting of elements
belonging to Groups 5 to 10 and Periods 5 and 6 of the
periodic table. The metallic element M is preferably one for
which the melting point of uncombined metal consisting of
clement M 1s at least 2000° C. For example, the metallic
clement M may be of at least one type selected from the
group consisting of Nb, Mo, Ta and W. Because these
metallic elements do not readily melt even under high-
temperature conditions and thus suitably prevent crystal
growth of the CZ composite oxide particles, they can be
advantageously used as crystal growth suppressing fine
particles suitable for the objects of the invention.

In another preferred embodiment of the exhaust gas-
purifying catalyst disclosed herein, the correlation coefli-
cient o (Ce, M) calculated from formula (1) below 1s 0.6 or
more. A correlation coetlicient o that 1s larger (closer to 1)
suggests that the metallic element M-containing fine par-
ticles are more uniformly dispersed in the CZ composite
oxide particles.

|Formula 1]
;2 (1)
55 X ) [celn) = Iee(AV T () = i (AW
1

”:

a(Ce, M) =

1 25
75 X L

n=1

UCE(H) - ICE(AV)]Z X

1 25 .
73 XHZ:]l [ () — Ipr (AV)]

In the formula, I (Av) 1s an average characteristic x-ray
intensity value for Ce obtained by line analysis over a length
of 500 nm in energy-dispersive x-ray spectrometry, and
I-.(n) 1s an average characteristic X-ray intensity value for
Ce obtained in the n” linear interval among 25 linear
intervals that are linearly arrayed and each have a length of
20 nm. Also, I _(Av) 1s an average characteristic x-ray
intensity value for the metallic element M obtained by line
analysis over a length of 500 nm 1n energy-dispersive x-ray
spectrometry, and I,/{n) 1s an average characteristic x-ray
intensity value for the metallic element M obtained in the n™
linear interval among 25 linear intervals that are linearly
arrayed and each have a length of 20 nm.

With CZ composite oxide particles in which such metallic
clement M-containing fine particles are maintained 1n a
highly dispersed state, an especially high crystal growth-
suppressing ability and OSC function can be elicited. A

dispersed state where the correlation coeflicient o (Ce, M) 1s
0.7 or more 1s especially preferred.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a perspective view schematically showing an
example of an exhaust gas-purifying catalyst.

FIG. 2 1s a diagram schematically showing the essential
features of a catalyst layer according to one embodiment.

FIG. 3 1s a graph showing the relationship between the
melting point of the metallic element M and the NO_
conversion temperature.

FI1G. 4 15 a graph showing the relationship between the Nb
content and the NO, conversion temperature.

FIG. 5 1s a graph showing the relationship between the
correlation coetlicient o (Ce, Ta) and the NO_ conversion
temperature.
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4
DESCRIPTION OF EMBODIMENTS

Several preferred embodiments of the invention are
described below while referring to the diagrams. Matters
which are required for carrying out the present invention but
concerning which no particular mention 1s made in the
present specification may be understood as matters for
design by persons skilled in the art based on prior art in the
field. The present invention can be practiced on the basis of
details disclosed in this specification and technical knowl-
edge 1n the field.

The exhaust gas-purifying catalyst disclosed herein 1s
characterized by being provided, i at least some portion of
a catalyst layer, with CZ composite oxide particles (crystal-
lites) containing a crystal growth-suppressing metallic ele-
ment M that suppresses crystal growth, aside from which
there are no particular limitations on the structure. This
catalyst, which may typically be used as an exhaust gas-
purifying catalyst disposed as a three-way catalyst in the
exhaust pipe of an internal combustion engine, generally has
a substrate and a catalyst layer which 1s formed on top of the
substrate and contains both a noble metal that functions as
an oxidation catalyst and/or a reduction catalyst and also the
above-described oxide particles.

The exhaust gas-purifying catalyst disclosed herein can be
disposed 1n the exhaust system (exhaust pipe) of various
types of mternal combustion engines, and particularly auto-
motive gasoline engines, by suitably selecting the subse-
quently described noble metals, oxide particles and type of
substrate, and molding to a desired shape appropriate for the
intended application.

The explanation given below 1s premised on the use of the
exhaust gas-purilying catalyst of the invention primarily as
a three-way catalyst installed in the exhaust pipe of auto-
motive gasoline engines, although 1t 1s not intended that the
exhaust gas-purifying catalyst disclosed here be limited to
the embodiments described below.

<Substrate>

When the exhaust gas-purifying catalyst disclosed herein
1s 1nstalled 1n an exhaust pipe, substrates of various materials
and forms hitherto used 1n this type of application may be
employed as the substrate making up the catalyst skeleton.
For example, substrates made of ceramics having a high
temperature resistance, such as cordierite or silicon carbide
(S1C), or of alloys (e.g., stainless steel) may be used.

The shape also may be similar to that in conventional
exhaust gas-purilying catalysts. One such example 1s a
honeycomb substrate 1 which, as 1n the exhaust gas-purify-
ing catalyst 10 shown 1n FIG. 1, has an exterior shape 1n the
form of a round cylinder and 1s provided in the direction of
the cylinder axis with throughholes (cells) 2 serving as
exhaust gas flow channels, and 1n which exhaust gases are
able to come 1nto contact with partition walls (r1ib walls) 4
defining individual cells 2. The substrate 1 may be rendered
into shapes other than a honeycomb shape, such as a foam
shape or a pellet shape. In place of a round cylindrical shape,
an elliptical cylindrical shape or a polygonal cylindrical
shape may also be used as the outer shape of the overall
substrate.

<Catalyst Layer>

The catalyst layer formed on the substrate serves as the
site of exhaust gas purification and thus 1s composed pri-
marily of a catalyst which purifies this type of exhaust. As
shown 1n FIG. 2, the catalyst layer 1s typically composed of
noble metal particles 20 and CZ composite oxide particles
30 (crystallites) which support the noble metal particles 20
and function as an OSC material. For example, when the
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honeycomb substrate 1 shown in FIG. 1 1s used, a catalyst
layer of a given thickness and porosity 1s formed on the rib
walls 4 defining the cells of the substrate 1. The catalyst
layer may consist of a single layer having substantially the
same composition, or may be a catalyst layer having a
laminated structure consisting of two layers (a top layer and
a bottom layer), or of three or more layers, formed on the
substrate 1 as mutually diflering layers.

<Noble Metal>

Various metals capable of functioning as oxidation cata-
lysts or reduction catalysts may be used as the noble metals
provided 1n the catalyst layer of the exhaust gas-purifying
catalyst disclosed herein. Typical examples include palla-
dium group metals such as rhodium (Rh), platinum (Pt) and
palladium (Pd). Other metals such as ruthenium (Ru),
osmium (Os), iridium (Ir), silver (Ag) and copper (Cu) may
also be used. Two or more of these noble metals may be used
in an alloyed form. Other metals may be included as well
(typically 1n the form of an alloy).

Of these, the use of Rh, which has a high reducing
activity, 1n combination with Pd or Pt, which have high
oxidizing activities, 1s especially preferred for building a
three-way catalyst. For example, 1t 1s desirable to support Rh
and either Pt or Pd on an OSC material made of the CZ
composite oxide particles 30 disclosed herein.

To 1increase the surface area of contact with exhaust gases,
such noble metals are preferably used as particles of a
suiliciently small particle size. Typically, the average par-
ticle size (which refers, here and below, to the average
particle size determined by TEM) of such metal particles 1s
about 1 to 15 nm, preferably 10 nm or less, more preferably
7 nm or less, and most preferably 5 nm or less.

The loading of such noble metals (1.¢., the noble metal
content, relative to 100 mass % for the carrier) 1s preferably
5> mass % or less, and more preferably 3 mass % or less. For
example, the loading 1s preferably at least 0.05 mass % and
up to 5 mass %, and more preferably at least 0.1 mass % and
up to 3 mass %. At loadings far below this range, catalytic
cllects by the metal are diflicult to obtain. At loadings far
above this range, growth of the metal grains may proceed, 1in
addition to which such loadings are disadvantageous in
terms of cost.

<CZ Composite Oxide Particles (Crystallites)>

The CZ composite oxide particles (crystallites) disclosed
herein serve as a carrier for supporting the noble metal and
include at least zirconium (Zr: typically, ZrO,) and cerium
(Ce: typically, CeQ,). It 1s desirable for the mixing propor-
tions of CeO, and ZrO, in the CZ composite oxide,
expressed as CeO,/Zr0O,, to be 0.05 to 4 (preferably 0.1 to
0.8, and more preferably about 0.3 to 0.6). By setting
CeO,//ZrO, 1n the above range, 1t 1s possible to achieve a
high catalytic activity and a good oxygen storage capacity
(OSC). The average size of the CZ composite oxide particles
(crystallites), which may be similar to that of the CZ
composite oxide particles used in conventional exhaust
gas-purilying catalysts, 1s typically 2 to 100 nm, and pret-
erably about 5 to 50 nm, as determined by electron micros-
copy such as TEM. A high catalytic activity and good OSC
can both be achieved within this average size range for CZ
composite oxide particles.

<Crystal Growth-Suppressing Fine Particles>

The CZ composite oxide particles 30 disclosed herein
turther include crystal growth-suppressing fine particles
(typically, fine metal particles of metallic element M) 40
which are composed primarily of a high-melting metallic
clement M having a melting point of 1,500° C. or more
(preferably, 2,000° C. or more, such as between 2,000° C.
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6

and 3,000° C.) and suppress the crystal growth of CZ
composite oxide particles 30. When thus included, such
crystal growth-suppressing fine particles 40 become a bar-
rier during use under high-temperature conditions such as a
heat endurance test, preventing crystal growth of the CZ
composite oxide particles 30 and making 1t possible to
suppress both agglomeration o noble metals comprising
PGMs supported on the CZ composite oxide particles 30 and
a decline mn OSC function.

The metallic element M constituting the crystal growth-
suppressing fine particles 40 used 1n this embodiment may
be any so long as the fine particles 40 containing this
metallic element M can become a barrier and prevent crystal
growth of CZ composite oxide particles 30 at elevated
temperatures. The use of a metallic element M capable of
building fine particles which have a high melting point (e.g.,
1,500° C. or more (such as between 1,500° C. and 5,000°
C.), preferably 2,000° C. or more, more preferably 2,500° C.
or more, and most preferably 3,000° C. or more) and do not
melt even when used under high-temperature conditions 1s
preferred. The metallic element M 1s also preferably one
which does not interfere with the catalytic activity of the
noble metal, and which 1s capable of building fine particles
that can uniformly disperse among the CZ composite oxide
particles 30. Metallic elements M that satisty such condi-
tions may be used without particular limitation. Such metal-
lic elements M are exemplified by any elements which
belong to the following groups and Periods 5 and 6 of the
periodic table: Group 5 (transition metals such as miobium),
Group 6 (periodic metals such as molybdenum), Group 7
(transition metals such as technetium and rhenium), Group
8 (transition metals such as ruthenium and osmium), Group
9 (transition metals such as rhodium and iridium), and
Group 10 (transition metals such as palladium and plati-
num). Typical examples include Nb, Mo, Ta and W. The use
of one, or two or more, of these 1s preferred. Of these, the
use of Ta and/or W 1s preferred, with the use of W being
especially preferred. These metallic elements, because they
do not readily melt even when used under high-temperature
conditions and eflectively prevent crystal growth of the CZ
composite oxide particles 30, can be advantageously used as
metallic elements M suitable for the objects of this mven-
tion.

The content of metallic element M included in the CZ
composite oxide particles, expressed 1n terms of the oxide,
1s 0.5 mol % or less (e.g., from 0.002 mol % to 0.5 mol %),
preferably 0.005 mol % to 0.1 mol %, and more preferably
0.05 mol % to 0.1 mol %, of the total oxide. Within this
range in the content of metallic element M, crystal growth
can be suitably suppressed even during use under high-
temperature conditions, thus making 1t possible to maintain
a high catalytic activity (typically, three-way performance).
When the metallic element M making up the crystal growth-
suppressing fine particles 40 1s a platinum group element
(such as Rh, Pd or Pt), it 1s desirable for the content of the
metallic element M, expressed 1n terms of the oxide, to be
set to generally 0.01 mol % or less of the total oxide. Crystal
growth of the CZ composite oxide particles 30 can be more
cllectively suppressed by using such a small amount of a
platinum group element as the constituent element M 1n the
crystal growth-suppressing fine particles.

Aside from the metallic element M described above, other
compounds (typically, inorganic oxides) may also be
included in the CZ composite oxide particles as secondary
ingredients. For example, rare-earth elements such as lan-
thanum, alkaline earth elements such as calcium, and tran-
sition metal elements may be used 1 such compounds. Of




US 9,724,644 B2

7

these, from the standpoint of increasing the specific surface
arca at elevated temperatures without hindering catalyst
function, rare-earth elements such as lanthanum may be
preferably used as stabilizers. For example, rare-earth oxides
such as La,O;, Y,O; and Pr,O,, may be mixed in for such
purposes as to suppress sintering. Such rare-earth oxides
may be physically mixed into the carrier powder as single
oxides, or may be used as one component of a composite
oxide. The content (mass ratio) of these secondary ingredi-
ents 1s preferably 2% to 30% (e.g., 3% to 6%) of the total
carrietr.

The carrier for the noble metal disclosed herein may
include a carrier material other than the above-described CZ
composite oxide particles (e.g., a non-OSC matenal). A
metal oxide that 1s porous and also has excellent heat
resistance may be preferably used as this carrier material.
Examples include aluminum oxide (alumina: Al,O;) and
zircontum oxide (zirconmia: Zr0O,). Of these, the use of Al, O,
1s preferred. Al,O, has a large specific surface area com-
pared with a CeO,—Z7r0, composite oxide, and moreover
has a high durability (especially heat resistance). Hence,
supporting the noble metal on Al,O; improves the thermal
stability of the overall carrier and also enables a suitable
amount of noble metal to be supported on the overall carrier.

An example of a method for producing the crystal growth-
suppressing fine particle (metallic element M)-containing
CZ composite oxide particles (crystallites) disclosed herein
entails inducing the formation of a co-precipitate from an
aqueous solution containing the metallic elements (Ce, Zr,
M and other constituent metallic elements) making up the
CZ composite oxide particles, then firing the co-precipitate.
In a preferred embodiment, production may be carried out
by 1nducing the formation of a CZ co-precipitate (a co-
precipitate which includes Ce and Zr) from an aqueous
solution containing at least one of the metallic elements
making up the CZ composite oxide particles (preferably all
the metallic elements included 1n the oxide other than the
metallic element M), adding the metallic element M to this
CZ co-precipitate, and firing. CZ composite oxide particles
having a higher correlation coeflicient o can be obtained by
subsequently adding the metallic element M 1n this way. A
preferred embodiment of such CZ composite oxide particles
1s described below.

<(CZ. Co-Precipitate Formation Step>

This production method includes a step 1 which a co-
precipitate of the CZ maternial 1s caused to settle out from an
aqueous solution containing the elements making up the CZ
composite oxide (CZ co-precipitate formation step). The
solvent 1n the aqueous solution (aqueous solvent) 1s typically
water, and may be a mixed solvent composed primarily of
water. For example, 1t 1s desirable to use an aqueous solution
that contains, in the aqueous solvent, compounds capable of
supplying Ce 1ons, Zr 1ons and the like. Metal nitrates,
sulfates, hydrochlorides and the like may be suitably used as
compounds serving as sources of the metallic 1ons, such as
Ce sources and Zr sources. The CZ co-precipitate formation
step may 1nclude the stage of heating the aqueous solution
to 80° C. to 100° C. (pretferably 90° C. to 95° C.), then
causing a CZ co-precipitate to settle from the aqueous
solution under pH conditions of 11 or above. The pH can be
adjusted by supplying an alkaline agent (a compound having
an action that tends to render a liquid alkaline, such as urea)
to the aqueous solution.

<Slurry Preparation Step>

In this embodiment, a mixed slurry is prepared by mixing
the CZ co-precipitate formed as just described together with
a metallic element M (slurry preparation step). In this slurry
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preparation step, typically, the CZ co-precipitate 1s separated
from the reaction mixture and washed, following which a
solution obtained by dissolving a metallic element M-con-
taining compound 1n a solvent (e.g., Xylene, acetone, water,
cthanol) 1s added, giving a CZM co-precipitate (a co-
precipitate containing Ce, Zr and the M element). Next, an
organic acid and aqueous hydrogen peroxide are added to
this CZM co-precipitate and stirring 1s carried out, giving a
mixed slurry. Malonic acid or the like may be suitably used
as the organic acid. The production method disclosed here
can be advantageously carried out by thus using an organic
acid and aqueous hydrogen peroxide. This slurry preparation
step may also include heating the mixed slurry to 75° C. to
90° C. (preterably, 80° C. to 85° C.), followed by agitation
in a disperser (e.g., a homogenizer). The agitation time may
be any time up until the CZM co-precipitate within the
mixed slurry mixes uniformly. For example, this time may
be set to S minutes or more (e.g., S minutes to 120 minutes),
preferably 15 minutes or more, more preferably 30 minutes
or more, and more preferably 60 minutes or more. With an
agitation time within this range, CZ composite oxide par-
ticles having a higher correlation coeflicient ¢ can be
obtained.

<Firing Step>

The CZM co-precipitate 1s separated from the reaction
mixture following such agitation of the mixed slurry, then
washed and dried. The CZM co-precipitate 1s then fired,
giving CZ composite oxide particles contaiming crystal
growth-suppressing fine particles (firing step). It 1s desirable
to carry out this firing step in open air or 1n an atmosphere
that 1s more oxygen-rich than open air. In an open-air
atmosphere, 1t 1s preferable to set the maximum {firing
temperature 1n a range of at least 700° C. and not more than
900° C. The firing time may be set to, e.g., from 3 hours to
8 hours. CZ composite oxide particles (crystallites) contain-
ing a metallic element M can thereby be obtained.

The weight of the catalyst layer when formed (coating
weight), although not particularly limited, 1s preferably
about 40 g to 200 g per liter of substrate volume, for
example. When the formed weight of the catalyst layer 1s too
low, the function as a catalyst layer may weaken. On the
other hand, a catalyst layer with too high a formed weight
may 1nvite a rise in pressure loss when the exhaust gases
pass through the cells of the substrate.

An exhaust gas-puriiying catalyst constituted as described
above may be produced by a manufacturing process similar
that used 1n the existing art.

By way of illustration, first, a slurry containing a desired
carrier powder (CZ composite oxide) that supports a noble
metal such as Pd, Pt or Rh 1s coated onto a honeycomb
substrate by a known washcoating process, for example. The
slurry coating 1s then fired at a given temperature and for a
given time, forming a catalyst layer on the substrate. The
washcoated slurry firing conditions vary depending on the
shape and size of the substrate or carrier, and so are not
particularly limited. However, typically the target catalyst
layer can be formed by carrying out firing at about 400 to
1000° C. for about 1 to 4 hours. The drying conditions prior
to firing are not particularly limited, although drying at a
temperature of 80 to 300° C. (e.g., 150 to 250° C.) for about
1 to 12 hours 1s preferred. When forming a catalyst layer by
such a washcoating process, a binder may be included in the
slurry so that the slurry adheres well to the substrate surface
and, 1n the case of a catalyst layer having a laminated
structure, to promote adherence of the upper layer-forming
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slurry to the surface of the underlying layer. The binder used
tor this purpose 1s preferably an alumina sol, a silica sol or
the like.

The invention 1s illustrated below by way of a number of
working examples, although these examples are not
intended to limit the invention.

TEST EXAMPLE 1

Production of Exhaust Gas-Purifying Catalysts

WORKING EXAMPLE 1

Metallic Element M: W

A mixed solution was prepared by adding 65.66 g of a
cerium nitrate solution (20 mass % as CeQO,), 638.2 g of a
zircontum oxynitrate solution (10 mass % as Zr0,), 1243 ¢
ol a lanthanum nitrate solution (10 mass % as La,0;), 86.16
g of an yttrium nitrate solution (10 mass % as Y,0O,) and 0.1

g of polyvinylpyrrolidone (available under the trade name
PVP K-30) to 1,500 mL of deionized water and stirring.

This mixed solution was heated to 90 to 95° C., following
which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 13 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting
co-precipitate was collected by filtration and washed with
pure water, giving Precursor al.

The entire amount of Precursor al was added to 1,000 mL
of deionized water, following which a solution of 0.0001
mol of tungsten (V) ethoxide dissolved 1n xylene (10 mass
% as W) was added thereto, giving a co-precipitate. Next,
0.5 g of malonic acid as an organic acid and 5 g of 3%
aqueous hydrogen peroxide were added and stirring was
carried out. The mixed slurry thus prepared was heated to 80
to 85° C. and then agitated for 60 minutes 1n a homogenizer.
Next, the slurry was filtered, washed with pure water, then
dried at 110° C. and subsequently fired for 5 hours 1n open
air at 800° C., giving Powder Al.

The resulting Powder Al (49 g) was dispersed 1n 400 mL
of deionized water and 20 g of a dinitrodiammine Pt mitrate
solution (5 mass % as Pt) was added, thereby loading the Pt
on the Powder Al, following which the aqueous solution
was removed by suction filtration. The filtrate was analyzed
by ICP emission spectroscopy, whereupon the Pt loading

elliciency was 100%. The Pt-loaded Powder Al was dried at
110° C. for 12 hours, and fired 1n open air at S00° C., giving
the catalyst Pt/Al. This catalyst Pt/Al was powder com-
pacted, then crushed, giving a pelletized catalyst I having a
particle size o1 0.5 to 1.0 mm for the subsequently described
catalyst activity evaluation test.

WORKING EXAMPLE 2

Metallic Element M: Ta

Aside from using a solution of 0.0001 mol of tungsten (V)
cthoxide dissolved 1n xylene (10 mass % as Ta) instead of
the solution of 0.0001 mol of tungsten (V) ethoxide dis-
solved 1 xylene (10 mass % as W) used mn Working
Example 1, Catalyst II was obtained by the same process as
in Working Example 1.

WORKING EXAMPLE 3

Metallic Element M: Mo

Aside from using a solution of 0.0001 mol of molybde-
num hexacarbonyl dissolved 1n acetone (5 mass % as Mo)
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instead of the solution of 0.0001 mol of tungsten (V)
cthoxide dissolved in xylene (10 mass % as W) used 1n
Working Example 1, Catalyst III was obtained by the same
process as 1n Working Example 1.

WORKING EXAMPLE 4

Metallic Element M: Nb

Aside from using a solution o1 0.0001 mol of niobium (V)
cthoxide dissolved in ethanol (10 mass % as Nb) instead of
the solution of 0.0001 mol of tungsten (V) ethoxide dis-
solved 1 xylene (10 mass % as W) used in Working,
Example 1, Catalyst IV was obtained by the same process as
in Working Example 1.

WORKING EXAMPLE 5

Metallic Element M: Rhodium

A mixed solution was prepared by adding 65.66 g of a
cerium nitrate solution (20 mass % as CeQO,), 658.2 g of a
zirconium oxynitrate solution (10 mass % as Zr0,), 1243 g
of a lanthanum nitrate solution (10 mass % as La,0O,), 86.16
g of an yttrium nitrate solution (10 mass % as Y,0O,) and 0.1
g of polyvinylpyrrolidone (available under the trade name
PVP K-30) to 1,500 mL of deiomized water and stirring.

This mixed solution was heated to 90 to 95° C., following
which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 25 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting,
co-precipitate was collected by filtration and washed with
pure water, giving Precursor al.

The entire amount of Precursor al was added to 1,000 mL
of deilonized water, following which a solution of 0.0001
mol of rhodium nitrate dissolved 1n deionized water (5 mass
% as Rh) was added thereto and the pH was adjusted to 12
by adding an aqueous solution of sodium hydroxide, giving
a co-precipitate. The, as an organic acid 0.5 g of malonic
acid and 5 g of 3% aqueous hydrogen peroxide are added
and agitated. The mixed slurry thus prepared was heated to
80 to 85° C. and then agitated for 60 minutes in a homog-
enizer. Next, the slurry was filtered, washed with pure water,
then dried at 110° C. and subsequently fired for 5 hours 1n
open air at 800° C., giving Powder A5. Next, aside from
using Powder AS instead of the Powder Al used 1n Working
Example 1, a Catalyst V was obtained by the same process
as 1n Working Example 1.

WORKING EXAMPLE 6

Metallic Element M: Pd

Aside from using a solution of 0.0001 mol of palladium
nitrate dissolved 1n deionized water (5 mass % as Pd) instead
of the solution of 0.0001 mol of rhodium nitrate dissolved 1n
deionized water (5 mass % as Rh) used 1n Working Example
5, a Catalyst VI was obtained by the same process as in
Working Example 5.

COMPARATIV.

L1

EXAMPLE 1

Metallic Flement M: Ag

Aside from using a solution of 0.0001 mol of silver nitrate
dissolved in deionized water (5 mass % as Ag) instead of the
solution of 0.0001 mol of rhodium mitrate dissolved 1in
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deionmized water (S mass % as Rh) used in Working Example
5, a Catalyst VII was obtained by the same process as 1n
Working Example 5.

COMPARAITITV.

T

EXAMPLE 2

Metallic Element M: Ba

Aside from using a solution of 0.0001 mol of barium
cthoxide dissolved in ethanol (10 mass % as Ba) instead of

the solution of 0.0001 mol of tungsten (V) ethoxide dis- 1o

solved 1n xylene (10 mass % as W) used in Working
Example 1, a Catalyst VIII was obtained by the same process
as 1 Working Example 1.

COMPARATITV.

T

EXAMPLE 3

Metallic FElement M: None

Aside from not using the solution of 0.0001 mol of
tungsten (V) ethoxide dissolved 1n xylene (10 mass % as W)
used 1n Working Example 1, a Catalyst I1X was obtained by
the same process as 1n Working Example 1.

COMPARAIIVE

EXAMPLE 4

Metallic FElement M: None

A mixed solution was prepared by adding 176.4 g of a
certum nitrate solution (20 mass % as CeQ,), 420.9 g of a
zircontum oxynitrate solution (10 mass % as 7ZrO,), 111.3 g
of a lanthanum nitrate solution (10 mass % as La,0;), 114.9
g of a neodymium nitrate solution (10 mass % as N,O,) and
0.1 g of PVP K-30 (trade name) to 1,500 mL of deionized
water and stirring.

This mixed solution was heated to 90 to 95° C., following

which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 25 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting
co-precipitate was collected by filtration and washed with
pure water, giving a Precursor a2.

The entire amount of Precursor a2 was added to 1,000 mL
of deionized water, following which 0.5 g of malonic acid as
an organic acid and 5 g of 3% aqueous hydrogen peroxide
were added and stirring was carried out. The mixed slurry
thus prepared was heated to 80 to 83° C., then agitated for
60 minutes 1n a homogenizer. Next, the slurry was filtered,
washed with pure water, then dried at 110° C. and subse-
quently fired in open air for 5 hours at 800° C., giving a
Powder A10.

The resulting Powder A10 (49.75 g) was dispersed 1n 400
mL of deionized water and 5 g of a rhodium nitrate solution
(5 mass % as Rh) was added, thereby loading the Pt on
Powder A10, and the aqueous solution was removed by
suction filtration. The filtrate was analyzed by ICP emission
spectroscopy, whereupon the Rh loading efliciency was
100%. The Rh-loaded Powder A10 was dried at 110° C. for
12 hours and fired 1 open air at 500° C., giving the catalyst
Rh/A10. This catalyst Rh/A10 was powder compacted, then
crushed, giving a pelletized catalyst X having a particle size
of 0.5 to 1.0 mm for the subsequently described catalyst
activity evaluation test.

WORKING EXAMPLE 7

Metallic Element M: Nb

A mixed solution was prepared by adding 176.4 g of a
certum nitrate solution (20 mass % as CeQ,), 420.9 g of a
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zZirconium oxynitrate solution (10 mass % as ZrO,), 111.3 g
of a lanthanum nitrate solution (10 mass % as La,O,), 114.9
g of a neodymium nitrate solution (10 mass % as N,O;) and
0.1 g of PVP K-30 (trade name) to 1,500 mL of deionized
water and stirring.

This mixed solution was heated to 90 to 95° C., following
which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 25 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting
co-precipitate was collected by filtration and washed with
pure water, giving Precursor aZ2.

The entire amount of Precursor a2 was added to 1,000 mL
of delonized water, following which a solution of 0.00002
mol of niobium (V) ethoxide dissolved in ethanol (10 mass
% as Nb) was added, giving a co-precipitate. Next, 0.5 g of
malonic acid as an organic acid and 5 g of 3% aqueous
hydrogen peroxide were added and stirring was carried out.
The mixed slurry thus prepared was heated to 80 to 85° C.,
and then agitated for 60 minutes 1n a homogenizer. Next, the
slurry was filtered, washed with pure water, then dried at
110° C. and subsequently fired for 5 hours 1n open air at 800°
C., giving Powder All. Aside from using Powder All
instead of Powder A10 used in Comparative Example 2, a
Catalyst XI was subsequently obtained by the same process
as 1 Comparative Example 4.

WORKING EXAMPLE 8

Metallic Element M: Nb

Aside from using a solution of 0.00005 mol of niobium
(V) ethoxide dissolved 1n ethanol (10 mass % as Nb) instead
of the solution of 0.00002 mol of niobium (V) ethoxide
dissolved in ethanol (10 mass % as Nb) used 1n Working
Example 7, Catalyst XII was obtained by the same process
as 1 Working Example 7.

WORKING EXAMPLE 9

Metallic Element M: Nb

Aside from using a solution o1 0.0001 mol of niobium (V)
ethoxide dissolved in ethanol (10 mass % as Nb) instead of
the solution of 0.00002 mol of niobium (V) ethoxide dis-
solved 1in ethanol (10 mass % as Nb) used 1n Working
Example 7, Catalyst XIII was obtained by the same process
as 1n Working Example 7.

WORKING EXAMPL

T

10

Metallic Element M: Nb

Aside from using a solution o1 0.0005 mol of niobium (V)
cthoxide dissolved in ethanol (10 mass % as Nb) instead of
the solution of 0.00002 mol of niobium (V) ethoxide dis-
solved 1n ethanol (10 mass % as Nb) used in Working
Example 7, Catalyst XIV was obtained by the same process
as 1 Working Example 7.

WORKING EXAMPLE 11

Metallic Element M: Nb

Aside from using a solution of 0.001 mol of niobium (V)
ethoxide dissolved in ethanol (10 mass % as Nb) instead of
the solution of 0.00002 mol of nmiobium (V) ethoxide dis-
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solved 1 ethanol (10 mass % as Nb) used in Working
Example 7, Catalyst XV was obtained by the same process
as 1 Working Example 7.

WORKING EXAMPL

T

12

Metallic Element M: Nb

Aside from using a solution of 0.005 mol of niobium (V)
cthoxide dissolved 1n ethanol (10 mass % as Nb) instead of
the solution of 0.00002 mol of niobium (V) ethoxide dis-
solved 1n ethanol (10 mass % as Nb) used in Working
Example 7, Catalyst XVI was obtained by the same process
as 1 Working Example 7.

COMPARAITV.

T

EXAMPLE 5

Metallic Element M: Nb

Aside from using a solution of 0.00806 mol of niobium
(V) ethoxide dissolved 1n ethanol (10 mass % as Nb) instead

of the solution of 0.00002 mol of mobium (V) ethoxide
dissolved 1n ethanol (10 mass % as Nb) used 1n Working
Example 7, Catalyst XVII was obtained by the same process
as 1 Working Example 7.

WORKING EXAMPL

T

13
Metallic Element M: Ta

A mixed solution was prepared by adding 185.8 g of a
certum nitrate solution (20 mass % as CeQ,), 3532 g of a
zircontum oxynitrate solution (10 mass % as ZrO,), 23.45 g
of a lanthanum nitrate solution (10 mass % as La,0,), 24.21
g of a neodymium nitrate solution (10 mass % as Nd,O,),
48.75 g of a yttrium nitrate solution (10 mass % as Y,O;)
and 0.1 g of PVP K-30 (trade name) to 1,500 mL of
deionmized water and stirring.

This mixed solution was heated to 90 to 95° C., following
which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 13 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting
co-precipitate was collected by filtration and washed with
pure water, giving Precursor a3.

The entire amount of Precursor a3 was added to 1,000 mL
of deionized water, following which a solution of 0.0005
mol of tantalum (V) ethoxide dissolved in xylene (10 mass
% as Ta) was added, giving a co-precipitate. Next, 0.5 g of
malonic acid as an organic acid and 5 g of 3% aqueous
hydrogen peroxide were added and stirring was carried out.
The mixed slurry thus prepared was heated to 80 to 85° C.,
and then agitated for 60 minutes 1n a homogenizer. Next, the
slurry was filtered, washed with pure water, then dried at
110° C. and subsequently fired for 5 hours 1n open air at 800°
C., giving a Powder A18S.

The resulting Powder A18 (49.5 g) was dispersed 1n 400
ml. of deionized water and 10 g of a palladium nitrate
solution (5 mass % as Pd) was added, thereby loading the Pd
on Powder A18, and the aqueous solution was removed by
suction {iltration. The filtrate was analyzed by ICP emission
spectroscopy, whereupon the Pd loading efliciency was
100%. The Pd-loaded Powder A18 was dried at 110° C. for
12 hours, and fired 1n open air at 500° C., giving the catalyst
Pd/A18. This catalyst Pd/A18 was powder compacted, then
crushed, giving a pelletized catalyst XVIII having a particle
s1ze of 0.5 to 1.0 mm for the subsequently described catalyst
activity evaluation test.
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WORKING EXAMPL,

T

14

Metallic Element M: Ta

Aside from changing the agitation time in the homog-
cnizer mm Working Example 13 from 60 minutes to 30
minutes, the catalyst XIX was obtained by the same process
as 1n Working Example 13.

WORKING EXAMPL

T

15

Metallic Element M: Ta

Aside from changing the agitation time in the homog-
cnizer i Working Example 13 from 60 minutes to 15
minutes, the catalyst XX was obtained by the same process
as 1 Working Example 13.

WORKING EXAMPL.

T

16

Metallic Element M: Ta

Aside from changing the agitation time in the homog-

cnizer 1 Working Example 13 from 60 minutes to 35
minutes, the catalyst XXI was obtained by the same process
as 1 Working Example 13.

WORKING EXAMPL.

17

T

Metallic Element M: Ta

Aside from not using the homogenizer used in Working
Example 13, the catalyst XXII was obtained by the same
process as 1n Working Example 13.

WORKING EXAMPL

T

18

Metallic Element M: Ta

Aside from not using the malonic acid and aqueous
hydrogen peroxide used 1n Working Example 13, the cata-
lyst XXIII was obtained by the same process as in Working
Example 13.

WORKING EXAMPL.

T

19

Metallic Element M: Ta

A mixed solution was prepared by adding 185.8 g of a
certum mnitrate solution (20 mass % as CeQ,), 532 g of a
zirconium oxynitrate solution (10 mass % as Zr0,), 23.45 ¢
of a lanthanum nitrate solution (10 mass % as La,0,), 24.21
g of a neodymium nitrate solution (10 mass % as N,O,),
48.75 g of a yttrium nitrate solution (10 mass % as Y,0O,),
a solution of 0.0005 mol of tantalum (V) ethoxide dissolved
in xylene (10 mass % as Ta) and 0.1 g of PVP K-30 (trade
name) to 1,500 mL of deionized water and stirring.

This mixed solution was heated to 90 to 95° C., following,
which the pH was adjusted to 11 by adding urea, giving a
co-precipitate. Next, 25 g of hydrazine was added and the
system was stirred for 12 hours at 90 to 95° C. The resulting
co-precipitate was collected by filtration and washed with
pure water, then dried at 110° C. and fired for 5 hours 1n open
air at 800° C., giving Powder A24. Aside from using Powder
A24 mstead of the Powder A18 used in Working Example
13, a Catalyst XXIV was obtained by the same process as 1n
Working Example 13.
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TEST EXAMPLE 2

Evaluation of Dispersibility

The respective catalysts of Working Examples 1 to 19 and

Comparative Examples 1 to 5 obtained 1n Test Example 1
were submitted to FE-SEM-EDX (field emission-scanning,
clectron microscope-energy dispersive X-ray analysis) mea-
surement (magnification, 100,000x), and line analysis was
carried out over a length of 500 nm (number of measurement
points, 25). Next, the correlation coeflicients o (Ce, M)
between the characteristic x-ray intensity spectrum obtained
for Ce and the characteristic x-ray intensity spectra obtained
for the respective metallic elements M were calculated using
formula (1) below.

|Formula 2|

25 (1)

1 I Iee(AV)} X1 I (A
EXZH ce(r) = I, (AV)} X4y (1) — Iy (AV)]]

n=1

1 25 ,
73 ><H§l Hce(r) — Ice.(AV)]= X

1 25
73 XHZZZI [131 (1) = Ly (AV)]?

In formula (1), I, (Av) 1s an average characteristic x-ray
intensity value for Ce obtained by line analysis over a length
of 500 nm in energy-dispersive X-ray spectrometry, and
I~.(n) 1s an average characteristic x-ray intensity value for
Ce obtained in the n” linear interval among 25 linear
intervals that are linearly arrayed and each have a length of
20 nm. Also, I (Av) 1s an average characteristic x-ray
intensity value for the metallic element M obtained by line
analysis over a length of 500 nm in energy-dispersive x-ray
spectrometry, and I,.{n) 1s an average characteristic x-ray
intensity value for the metallic element M obtained in the n™
linear interval among 25 linear intervals that are linearly
arrayed and each have a length of 20 nm. The results are
shown 1n the corresponding column of Table 1. Here, a
correlation coetlicient o that 1s larger (closer to 1) suggests
that the metallic element M-contaiming fine particles are
more uniformly dispersed in the CZ composite oxide par-
ticles.
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TEST EXAMPL,

T
2

Evaluation of Catalytic Activity

The catalysts (pelletized catalysts) of Working Examples
1 to 19 and Comparative Examples 1 to 5 obtained 1n Test
Example 1 were submitted to heat endurance tests, follow-
ing which their catalytic activities were evaluated. Specifi-
cally, Catalysts I to IX were respectively placed 1n a tlow-
type heat endurance testing apparatus and heat endurance
treatment was carried out in which a lean gas obtained by
adding 1 mol % of oxygen (O,) to nitrogen gas and a rich
gas obtained by adding 2 mol % of carbon monoxide (CO)
to nitrogen gas were passed through for 20 hours 1n alter-
nating, two-minute periods at a gas flow rate of 500 mL/min
and a catalyst bed temperature of 925° C. Also, Catalysts X
to XVII were respectively placed in a flow-type heat endur-
ance testing apparatus and heat endurance treatment was
carried out 1n which a lean gas obtained by adding 1 mol %
of oxygen (O,) to nitrogen gas and a rich gas obtained by
adding 2 mol % of carbon monoxide (CO) to nitrogen gas
were passed through for 20 hours 1n alternating, two-minute
periods at a gas flow rate of 500 mL/min and a catalyst bed
temperature of 1,000° C. Finally, Catalysts XVIII to XXIV
were respectively placed 1n a tflow-type heat endurance
testing apparatus and heat endurance treatment was carried
out 1n which a lean gas obtained by adding 2 mol % of
oxygen (O,) to nitrogen gas and a rich gas obtained by
adding 2 mol % of carbon monoxide (CO) to nitrogen gas
were passed through for 10 hours 1n alternating, two-minute
periods at a gas flow rate of 500 mL/min and a catalyst bed
temperature of 900° C.

Next, the treated catalyst was placed in a normal-pressure
fixed bed flow reactor and, while passing a stoichiometric
model gas through the catalyst within the apparatus, the
temperature was raised from 100° C. to 500° C. at a rate of
12° C./min, during which time the HC conversion efliciency
and the NO_ conversion elliciency were continuously mea-
sured. The temperature when these conversion efliciencies
reached 50% was determined as the 50% conversion tem-
perature. The results are shown in the corresponding col-

umns in Table 1. In addition, some of the results (Working

Examples 1 to 21 and Comparative Examples 2 and 3) are
shown i FIGS. 3 to 5.

TABLE 1
Metallic Makeup
clement M Noble of CZ 50%
Melting metal composite Correlation Conversion
point  Content Amount oxide coeflicient temperature
Examples Type (° C.) (mol %) Type  (mass %) (mol %) o (Ce, M) HC (°C.) NOx (°C.)
Working Example 1 W 3,407 0.01 Pt 2 Al 0.73 298 307
Working Example 2 Ta 2,985 " " " " 0.75 299 307
Working Example 3 Mo 2,623 " " " " 0.70 303 312
Working Example 4 Nb 2477 " " " " 0.71 302 311
Working Example 3 Rh 1,960 " " " " 0.69 311 318
Working Example 6 Pd 1,552 " " " " 0.67 315 325
Comparative Example 1 Ag 062 " " " " 0.6% 333 345
Comparative Example 2 Ba 729 " " " " 0.64 336 346
Comparative Example 3 — - " " " " - 335 345
Comparative Example 4 — — " Rh " Al0 — 286 291
Working Example 7 Nb 2477 0.002 " 0.5 " 0.58 280 286
Working Example 8 " " 0.005 " " " 0.66 269 273
Working Example 9 " " 0.01 " " " 0.73 259 264
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TABLE 1-continued
Metallic Makeup
element M Noble of CZ 50%
Melting metal composite Correlation Conversion
point  Content Amount oxide coeflicient temperature
Examples Type (° C.) (mol %) Type  (mass %) (mol %) o (Ce, M) HC (°"C.) NOx (° C.)
Working Example 10 0.05 0.79 259 263
Working Example 11 0.1 0.75 260 265
Working Example 12 0.5 0.63 268 272
Comparative Example 5 0.8 0.55 282 28R
Working Example 13 Ta 2,985 0.05 Pd AlR 0.81 281 291
Working Example 14 " ' ' ' " 0.75 283 292
Working Example 15 0.6% 285 295
Working Example 16 0.64 291 300
Working Example 17 0.59 294 303
Working Example 18 0.52 301 313
Working Example 19 0.46 304 318
20

Makeup of CZ composite oxide (mol %)
Al: Ce/Zr/La/Y oxide=10/70/10/10

A10: Ce/Zr/La/Nd oxide=30/50/10/10
Al8: Ce/Zr/La/Nd/Y oxi1de=30/60/2/2/6

As shown 1n Table 1 and FIG. 3, regardless of the type of
PGM (Pd, Pt, Rh) supported, the 50% HC conversion

temperatures and 50% NO_ conversion temperatures of the
catalysts of Working Examples 1 to 6 which contained fine
metal particles composed primarily of a high-melting metal-
lic element M that melts at 1,500° C. or above were lower
than the 50% HC conversion temperatures and 50% NO_
conversion temperatures ol the catalysts of Comparative
Examples 1 and 2 which contained fine metal particles
composed primarily of a low-melting metallic element M

that melts at below 1,500° C. This indicates that, in the
catalysts of the working examples which contained fine

metal particles composed primarily of a high-melting metal-
lic element M that melts at 1,500° C. or above, these fine
metal particles became barriers which prevented crystal
growth of the CZ composite oxide particles, as a result of
which agglomeration of the noble metals (here, PGM) and
decreased OSC function were prevented, enabling a high
catalytic activity to be maintained.

As 1s apparent from Table 1 and FIG. 4, the catalysts of
Working Examples 7 to 12 in which the contents of the
metallic element M (Nb 1n FIG. 4) were set to 0.5 mol % or
below had 50% HC conversion temperatures and 50% NO_
conversion temperatures that were lower than the catalysts
of Comparative Examples 4 and 5 which either contained no
metallic element M or had a metallic element M content
greater than 0.5 mol %. In the case of the catalysts tested
here, by setting the content of metallic element M to from
0.005 mol % to 0.5 mol %, it was possible to achieve very
low NOx conversion temperatures of 275° C. or below
(Working Examples 8 to 12). Based on these results, 1t 1s
preferable to set the content of the metallic element M to
generally from 0.005 mol % to 0.5 mol %.

In addition, as 1s apparent from Table 1 and FIG. 5, the
catalysts of Working Examples 13 to 16 in which the
correlation coeflicient o (Ce, M) between the metallic ele-
ment M (here, Ta) and Ce was set to 0.6 or more had lower
50% HC conversion temperatures and 50% NO, conversion
temperatures than the catalysts of Working Examples 17 to
19 1n which the correlation coetlicient o (Ce, M) was set to
below 0.6. In the case of the catalysts tested here, by setting,
the correlation coethlicient o (Ce, M) to 0.6 or more, 1t was
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possible to achieve very low NO_ conversion temperatures
of 300° C. or below. Based on these results, it 1s preferable
to set the correlation coeflicient o (Ce, M) to generally 0.6
Or more.

As 1s apparent from the above test examples, by using the
exhaust gas-purilying catalysts disclosed herein, agglomera-
tion of the noble metals due to crystal growth and decreased
OSC are prevented, thus enabling, for example, the catalytic
activity of a three-way catalyst (three-way activity) to be
stably exhibited. Accordingly, three-way catalysts and other
exhaust gas-purilying catalysts having a higher performance
can be provided.

INDUSTRIAL APPLICABILITY

This invention provides an exhaust gas-puritying catalyst
endowed with heat resistance that suppresses the crystal
growth of crystallites, and i1s thus able to suppress the
agglomeration of noble metals and decreased OSC function.

The mnvention claimed 1s:

1. An exhaust gas-puriiying catalyst that 1s disposed 1n an
exhaust pipe for an iternal combustion engine and purifies
exhaust gases discharged from the internal combustion
engine, comprising:

a noble metal and crystallites that form CZ composite
oxide particles which serve as a carrier supporting the
noble metal and contain at least zircontum (Zr) and
cerium (Ce), wherein

the CZ composite oxide particles (crystallites) further
contain crystal growth-suppressing fine particles which
comprise primarily a metallic element M that melts at
1,500° C. or above and suppress crystal growth of the
CZ composite oxide particles, and

the content of the metallic element M included 1n the CZ
composite oxide particles, expressed in terms of the
oxide thereof, 1s 0.5 mol % or less of the total oxide.

2. The exhaust gas-puriiying catalyst according to claim

1, wherein the metallic element M 1s of at least one type
selected from the group consisting of elements belonging to
Groups 5 to 10 and Periods 5 and 6 of the periodic table.
3. The exhaust gas-puriiying catalyst according to claim
1. wherein the metallic element M i1s a metallic element for
which the melting point of uncombined metal composed of

element M 1s at least 2,000° C.
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4. The exhaust gas-purifying catalyst according to claim
1, wherein the metallic element M 1s of at least one type
selected from the group consisting of Nb, Mo, Ta and W.

5. The exhaust gas-purilying catalyst according to claim
1, wherein the content of the metallic element M 1included 1n 5
the CZ composite oxide particles, expressed 1n terms of the
oxide thereof, 1s from 0.005 mol % to 0.1 mol % of the total
oxide.

6. The exhaust gas-purifying catalyst according to claim
1, wherein the correlation coetlicient o (Ce, M) calculated
from formula (1) below 1s 0.6 or more:

10

|Formula 1]

25 15

1 / I (AV)} {1 I (A
EXZ[{ ce(r) = Ic (AV)} x4y () — Ty (AV))]

(1)

(Ce, M) = ke
1 25 ,
E Xn§1 UCE(H) — ICE(AV)] X
—— : 20
73 Xﬂa [{a (1) — Ty (AV)]
where

I-.(Av) 1s an average characteristic x-ray intensity value 25
for Ce obtained by line analysis over a length of 500 nm

in energy-dispersive X-ray spectrometry,

1,

20

I-~.(n) 1s an average characteristic x-ray intensity value for
Ce obtained in the n” linear interval among 25 linear
intervals that are linearly arrayed and each have a
length of 20 nm,

I_(Av) 1s an average characteristic x-ray intensity value
for the metallic element M obtained by line analysis
over a length of 500 nm 1n energy-dispersive x-ray

spectrometry, and

I,{n) 1s an average characteristic x-ray intensity value for
the metallic element M obtained in the n” linear inter-
val among 25 linear intervals that are linearly arrayed
and each have a length of 20 nm.

7. The exhaust gas-puriiying catalyst according to claim
wherein the CZ composite oxide particles contain CeQO,

and ZrQO, 1n a mixing proportion expressed as CeO,/7ZrO, of
0.1 to 0.8.

1,

8. The exhaust gas-puriiying catalyst according to claim
wherein the average size of the CZ composite oxide

particles 1s 5 nm to 50 nm.

1,

9. The exhaust gas-puriiying catalyst according to claim
wherein the loading of the noble metal relative to 100

mass % for the carrier 1s at least 0.1 mass % and up to 3 mass
%.
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